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CD44 is a polymorphic integral membrane glycopro-
tein that serves as the principal cell surface receptor
for hyaluronate, the major component of the extra-
cellular matrix. CD44 is abundantly found in the skin
and functions as a cell adhesion molecule. In a recent
study we have observed a massive dermal accumula-
tion of hyaluronate as a result of the in vivo selective
suppression of CD44 in keratinocytes in mice expres-
sing a keratin 5 promoter-driven CD44 anti-sense
transgene. As the histologic features of the dorsal
skin of these transgenic mice display some similari-
ties to those of the skin lesions of lichen sclerosus et
atrophicus, we explored the nature of the material
accumulated in the dermis of genital and extragenital
lesions of 14 patients with lichen sclerosus et atrophi-
cus by Alcian Blue and human CD44 receptor globulin
stainings, as well as the epidermal expression of
CD44 protein and mRNA by immunohistochemistry
and in situ hybridization. In this study we provide
evidence that hyaluronate is accumulated in the
super®cial dermis of lichen sclerosus et atrophicus
lesions, in particular by the use of human CD44
receptor globulin staining, which binds speci®cally
to hyaluronate. In addition we show that the protein
and mRNA expression of CD44 in the epidermis of
the involved lichen sclerosus et atrophicus skin from
genital and extragenital areas is signi®cantly
decreased, and in some cases completely lost. In
contrast, keratinocyte CD44 expression was un-
altered in the skin lesions of lupus erythematosus,
scleroderma and reticular erythematous mucinosis,
despite the presence of a mucinous material in the
dermis. These results suggest that a decrease in
CD44 in the keratinocytes may be correlated with
an abnormal dermal accumulation of hyaluronate in
the lesions of lichen sclerosus et atrophicus, and
may play a pathogenetic role in this disease. Key
words: adhesion molecule/glycosaminoglycan/keratinocyte/
skin/transgenic mice. J Invest Dermatol 115:1054±1058,
2000
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D44 is a widely distributed integral membrane
glycoprotein that is expressed as a multitude of
isoforms generated by alternative splicing of at least
10 different variant exons and post-translational
modi®cations (Stamenkovic et al, 1991; Screaton
et al, 1992; Lesley et al, 1993; Bennett et al, 1995). The 90 kDa
isoform is referred to as the standard CD44 (CD44H) as it contains
none of the variant exon products and is ubiquitously expressed on
cells of both mesenchymal and epithelial origin. Variant exon
containing CD44 isoforms have higher molecular weights up to
250 kDa and are expressed in a more restricted way, being found
mainly on the epithelial cells (Stamenkovic et al, 1991).
CD44 has been proposed to bind several ligands, but it is
currently thought to be the principal cell surface receptor for
hyaluronate (HA) (Aruffo et al, 1990; Miyake et al, 1990). HA is a
high molecular weight glycosaminoglycan composed of glucuronic
acid and N-acetylglucosamine disaccharide repeats and is the major
component of the extracellular matrix (ECM) (Fraser and Laurent,
1989; Laurent and Fraser, 1992). Owing to its negative charge, HA
becomes highly hydrated in solution and accommodates large
amounts of water (Laurent and Fraser, 1992). HA production is
enhanced in several physiologic and pathologic conditions related
to cell proliferation, such as tissue remodeling, in¯ammation, and
tumor invasion (Toole, 1982). Recent studies indicate that together
with several proteoglycans and HA-binding proteins (hyaladherins),
HA plays an important part in the organization of the ECM
structure and in the modulation of cell proliferation and migration
in vitro and in vivo (Toole, 1982, 1990).
Recently, we have developed transgenic mice expressing an anti-
sense CD44 transgene driven by the keratin-5 (K5) promoter,
which is expressed in the basal layer of the epidermis and the outer
root sheath (ORS) of hair follicles (K5-CD44 anti-sense transgenic
mice; Kaya et al, 1997). These mice display loss of CD44 expression
in the epidermis and the ORS of hair follicles, along with excessive
HA accumulation in the super®cial dermis, several morphologic
alterations of basal layer keratinocytes, and impaired mitogen and
growth factor-induced keratinocyte proliferation. These alterations
are re¯ected by a variety of functional changes, including decrease
in skin elasticity, defective tissue repair, and delayed hair regrowth.
These observations suggested that CD44 functions as a regulator of
keratinocyte proliferation and of local HA homeostasis in the skin.
Lichen sclerosus et atrophicus (LSA) is a relatively common
dermatosis (Ridley, 1989, 1992, 1993; Tremaine and Miller, 1989).
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Lesions can appear in any part of the integument, but the genital
region is most often involved.
LSA is characterized by changes affecting both the epidermis and
dermis. The epidermis is usually atrophic and a subepidermal
vacuolization is often present. The super®cial dermis is edematous
and appears hyalinized. Whereas the accumulated extracellular
material has not been characterized, an increase in glycosamino-
glycans in the dermis (Daroczy and Haust, 1979; Nishioka, 1997)
and more speci®cally in HA in the suction blisters (Juhlin et al,
1986) of LSA skin has been described. Finally, a band-like
lymphohistiocytic in®ltrate is typically situated beneath the affected
connective tissue, although in early disease it may be more
super®cial (McKee, 1996).
Although it has been suggested that the etiology involves
genetic, hormonal, and autoimmune factors (Friedrich and Kalra,
1984; Meyrick Thomas and Kennedy, 1986; Meyrick Thomas et al,
1988), the pathogenesis of the disease remains unknown.
The existence of histologic similarities between LSA lesions and
the skin of transgenic mice lacking keratinocyte CD44 expression,
namely epidermal atrophy associated with accumulation of
hyalinized material in the super®cial dermis and subepidermal
vacuolization, led us to explore the epidermal expression of CD44
and dermal accumulation of HA in LSA. As our observation in
transgenic mice had been limited to the dorsal skin, we compared
the LSA lesions and the genital area of the transgenic mouse skin.
MATERIALS AND METHODS
Tissue Genital or extragenital uninvolved or involved skin biopsy
specimens from 14 LSA patients (six males and eight females) between 17
and 81 y (mean age: 50 y), specimens from four patients with subacute lupus
erythematosus, seven with localized scleroderma, and one with reticular
erythematous mucinosis (REM) collected for routine diagnostic procedures
were used in this study, and compared with the skin samples taken from the
genital regions of K5-CD44 anti-sense transgenic mice (Kaya et al, 1997).
Histology Tissues were ®xed in 4% phosphate-buffered formaldehyde or
Dubosq-Brazil and embedded in paraf®n. Sections were cut at 5 mM,
mounted on to slides, and stained with hematoxylin±eosin, van Gieson±
elastin or Alcian Blue according to standard procedures.
Anti-CD44 and hCD44Rg staining of skin sections Paraf®n-
embedded sections (5 mM) were mounted on to slides, dewaxed in
xylene and rehydrated in a graded ethanol series. Endogenous peroxidase
activity was blocked by incubating the sections with 0.03% H2O2 in
anhydrous methanol for 45 min at room temperature. Antigen demasking
was performed by subjecting the sections to microwave treatment in citrate
buffer (pH 6.0) for 20 min at 1200 W. Then the sections were incubated
with mouse anti-human CD44 antibodies (Bender MedSystems, Vienna,
Austria; 2.5 mg per ml) or human CD44 receptor globulin (hCD44Rg)
puri®ed protein (»20 mg per ml) diluted in Tris-buffered saline (4% bovine
serum albumin) overnight at +4°C. After staining with the primary reagent,
sections were washed thrice with Tris-buffered saline, incubated with
biotinylated af®nity-puri®ed goat anti-mouse immunoglobulins or
¯uorescein isothiocyanate-labeled af®nity-puri®ed goat anti-human IgG
(Cappel, ICN Pharmaceuticals, Costa Mesa, CA) antibodies for anti-CD44
and hCD44Rg, respectively, for 30 min at room temperature, washed
thrice as above, and treated with avidin±biotin±peroxidase for 30 min at
room temperature (anti-CD44 staining). The anti-CD44 staining sections
were washed with the buffer and incubated in 0.05% 3,3¢-
diaminobenzidine (Sigma, St Louis, MO) and 0.03% H2O2 in the
phosphate buffer at room temperature. All sections were examined under
an Olympus Axiophot microscope using appropriate ®lters.
Hyaluronidase digestion Hyaluronidase treatment of tissues was
performed by incubating the tissue sections with 1.5 mg per ml bovine
testicular hyaluronidase (Sigma) in phosphate-buffered saline for 5 h at
37°C. The sections were then stained either with Alcian Blue or with
hCD44Rg as described above. The hyaluronidase digestion experiments
also included negative controls incubated under otherwise similar
conditions but lacking the enzyme. A HA-secreting mesothelioma
section was used as a positive control.
Staining analysis Anti-CD44, Alcian Blue and hCD44Rg staining
intensities were scored qualitatively on a four-point scale of: ±, no staining;
+, weak staining; ++, moderate staining; and +++, strong staining. The
evaluation was performed by one of the authors (GK) in a blinded fashion.
Three sections at different levels were stained and analyzed for each case.
Preparation of cRNA probes The mCD44H-pBS plasmid was used as
a template for in vitro transcription (Kaya et al, 1997). Identical (sense) and
complementary (anti-sense) riboprobes were produced by the action of
T3/T7 polymerases in the presence of digoxigenin (DIG) -labeled uridine
triphosphate (Boehringer Mannheim, Mannheim, Germany). For
transcription 1 mg linearized template DNA and 20 units polymerase were
used in the presence of 40 mM Tris±HCl pH 8.0, 6 mM MgCl2, 10 mM
dithiothreitol, 2 mM spermidine, 10 mM NaCl, and 10 mM DIG-labeling
mix containing DIG-11-uridine triphosphate (Boehringer Mannheim).
After 2 h at 37°C transcription was stopped, riboprobes were partially
hydrolyzed in carbonate buffer to an average length of 100±250 bases,
aliquoted, and stored at ±80°C.
In situ hybridization Paraf®n-embedded sections were dried in an oven
at 37°C overnight. The next day the sections were dewaxed with fresh
xylene 2 3 10 min and rehydrated in the following solutions: 1 3 5 min in
100% ethanol, 1 3 5 min in 95% ethanol, and 1 3 5 min 70% ethanol. After
rinses in phosphate-buffered saline and diethyl pyrocarbonate-treated
ddH2O, sections were acetylated for 10 min at room temperature in a
constantly stirred solution of 3.5 ml triethanolamine in 300 ml diethyl
pyrocarbonate-treated ddH2O to which 750 ml of acetic anhydride were
added drop wise. This was followed by several rinses in phosphate-buffered
saline and 2 3 SSC (20 3 SSC = 3 M NaCl, 0.3 M sodium citrate). For
prehybridization, sections were covered with plain hybridization buffer,
cover-slipped with para®lm and kept for 24 h at room temperature in an
incubation chamber humidi®ed by 5 3 SSC. On the following day, the
prehybridization solution was sucked off and sections were covered with
hybridization buffer containing 200 ng per ml DIG-labeled sense or anti-
sense probe. After coverslipping the sections again, the incubation chamber
Table I. Epidermal CD44 expressiona and dermal HA
stainingb in LSA, lupus erythematosus, scleroderma, and
REMc
Case CD44 HA
Normal skin +++ +/-
LSA
C.T. 1953, M, G + ++
R.T. 1918, F, G + ++
A. 1933, F, EG + ++
F.D. 1934, F, G + ++
C.R. 1959, F, EG + ++
S.M. 1957, M, EG + ++
P.F. 1945, M, G + ++
E.F. 1920, F, EG + ++
A.F. 1959, M, G ± +++
A.V. 1941, F, G ± +++
G.B. 1982, F, G ± +++
M.N. 1972, M, G ± +++
D.R. 1981, M, G ± +++
D.A. 1929, F, G ± +++
Lupus erythematosus
J.S. 1960, M +++ ++
K.L. 1954, F +++ +
L.O. 1965, F +++ ++
R.P. 1929, F +++ +
Scleroderma
C.A. 1967, M +++ +
M.G. 1976, M +++ ++
M.G. 1962, F +++ +
M.C. 1972, F +++ +
B. 1956, F +++ +
R.R. 1926, M +++ +
F. 1928, M +++ +
REM
J.U. 1936, M +++ ++
aAnti-CD44 staining.
bAlcian Blue and hCD44Rg staining.
cStaining intensity scale: ±, no staining; +, weak staining; ++, moderate staining;
+++, strong staining. M, male; F, female; G, genital; EG, extragenital.
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was sealed and heated to 85°C on a hot plate for 10 min in order to
denature the probe in situ. Rapid propagation of heat was assured by using a
humid chamber with a metal bottom and by placing the slides on
appropriately sized aluminum blocks that were in direct contact with the
bottom of the chamber. Incubation was carried out overnight at 68°C
without reopening the humid chamber. The hybridization buffer included
50% formamide, 5 3 SSC, 5 3 Denhardt's (0.1% bovine serum albumin,
0.1% polyvinylpyrrolidone, and 0.1% Ficoll) (Sigma Chemie, Buchs,
Switzerland), 250 mg baker's yeast tRNA per ml (Sigma Chemie), and
500 mg denatured herring sperm DNA per ml (Boehringer Mannheim). On
the following day, sections were washed for 5 min in 5 3 SSC at 68°C,
5 min in 2 3 SSC at 68°C, 30 min in 50% formamide containing 0.2 3 SSC
at 68°C, and ®nally for 5 min in 0.2 3 SSC at room temperature.
Hybridized probe was visualized by incubation with an alkaline
phosphatase-conjugated anti-DIG Fab fragment, followed by a color
reaction using 5-bromo-4-chloro-3-indolyl phosphate (BCIP) and
Nitroblue tetrazolium (NBT) as a substrate (Boehringer Mannheim, DIG
Nucleic Acid Detection Kit, standard procedure according to the
manufacturer's instructions). Finally, sections were coverslipped in
Immu-Mount (Shandon, Pittsburgh, PA), viewed and photographed
using an Olympus Axiophot microscope. Every experiment included two
adjacent parallel series of sections, all incubated in the same sealed chamber.
For each case, one series was incubated with anti-sense probe and the
adjacent one with the sense probe as a negative control.
RESULTS
Genital and extragenital skin share comparable histologic
features in LSA lesions and K5-CD44 anti-sense
mice Histologic analysis of the human LSA skin from genital
and extragenital (data not shown) lesions showed the characteristic
image of the disease: epidermal atrophy, subepidermal
vacuolization, a band-like hyaline material in the super®cial
dermis (Fig 1A±D) and an underlying lymphocytic in®ltrate (not
shown). The skin of the vulva and penis of the K5-CD44 anti-sense
mice displayed some comparable histologic features, mainly an
accumulation of a hyaline substance beneath the dermoepidermal
junction, with a limited epithelial atrophy and without a
lymphocytic in®ltrate (Fig 1E±L). These ®ndings are in
concordance with our earlier observations on the dorsal skin of
K5-CD44 anti-sense transgenic mice (Kaya et al, 1997).
Epidermal CD44 expression is signi®cantly decreased in
LSA Immunohistochemical analysis of the skin of 14 LSA
patients presenting genital or extragenital lesions, using an anti-
CD44 antibody that recognizes epitopes common to all isoforms,
revealed a signi®cant decrease and, in some cases, complete loss of
CD44 expression in all layers of the epidermis when compared
with that of the unaffected skin from the same patients, used as a
control (Table I, Fig 2A, B). In addition, in situ RNA
hybridization performed with a CD44 riboprobe showed a
Figure 2. Analysis of CD44 expression by immunohistochemistry
and in situ hybridization in LSA skin. (A, B) immunohistochemistry;
(C, D) in situ hybridization. Paraf®n-embedded serial skin sections of
uninvolved (A, C ) and involved (B, D) back skin of LSA patients were
stained with anti-human CD44 followed by biotinylated af®nity-puri®ed
goat anti-rat immunoglobulin antibody (A, B), or hybridized with a DIG-
labeled anti-sense mouse CD44H cRNA probe followed by staining with
an alkaline phosphatase-conjugated anti-DIG Fab fragment (C, D).
Epidermis of uninvolved skin of LSA patients shows an intense
immunoreactivity (A) and a strong mRNA hybridization (C ), whereas
the CD44 staining as well as its RNA is lost in involved epidermis (B, D).
Scale bar: 60 mm.
Figure 1. Histologic analysis of different epithelial structures in LSA patients and K5-CD44 anti-sense transgenic mice. Tissue sections of
uninvolved (A, C ) and involved (B, D) back skin of LSA patients and vulvar (E±H ) and penile (I±L) epithelium of control littermate (E, G, I, K ) and
transgenic (F, H, J, L) mice stained with hematoxylin±eosin (A, B, E, F, I, J ) and van Gieson±elastin (C, D, G, H, K, L). Note the epidermal atrophy (B, D)
and the accumulation of a material not strongly stained in red in the super®cial dermis or stroma (B, D, F, H, J, L). Scale bar: 60 mm.
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pronounced decrease or a total absence of detectable CD44 mRNA
in the keratinocytes of the LSA lesions, contrasting with the
uninvolved skin from the same patients (Fig 2C, D). It is important
to stress that the decrease of CD44 expression was observed only in
LSA skin, and not in some other in¯ammatory diseases and
mucinoses characterized by the accumulation of
glycosaminoglycans in the dermis namely lupus erythematosus
(four cases), scleroderma (seven cases), and REM (one case;
Table I).
The hyalinized material accumulated in the dermis of the
genital and extragenital skin of LSA patients and of K5-
CD44 transgenic mice is mostly HA To identify the
hyalinized material accumulated in the super®cial dermis of the
LSA skin, the tissue sections were ®rst stained with Alcian Blue,
which is commonly used to visualize mucopolysaccharides. In
all LSA skin sections the super®cial dermis was more strongly
stained by Alcian Blue than the uninvolved skin (Fig 3A, B),
and this staining disappeared when the tissue sections were
pretreated with hyaluronidase (Fig 3C). A systematic study of
Alcian Blue and anti-CD44 stainings showed an inverse
correlation between dermal HA staining and epidermal CD44
expression (Table I), which appeared to be related with the
stage of the lesion: older lesions displayed lower epidermal
CD44 and higher dermal HA staining (six cases); whereas early
lesions showed decreased but not totally absent CD44
expression (eight cases) (data not shown). Similar results were
obtained with genital and extragenital LSA skin. In order to
provide further evidence for the presence of HA in the
hyalinized material, we employed human CD44
immunoglobulin fusion protein (human CD44 receptor
globulin: hCD44Rg), which can be used to localize HA
speci®cally in tissue sections (Aruffo et al, 1990; Fenderson et al,
1993; Bartolazzi et al, 1994; Kaya et al, 1997) because of the
af®nity of CD44 for HA. Immunohistochemical analysis showed
marked binding of hCD44Rg to the super®cial dermis in skin
sections from LSA lesions, when compared with normal skin of
the same patients used as a control (Fig 3D, E). Pretreatment of
the LSA skin sections with hyaluronidase reduced hCD44Rg
binding to the super®cial dermis, indicating that most of the
accumulated material was indeed HA (Fig 3F). In the skin of
the vulva and penis of the K5-CD44 anti-sense transgenic mice
the connective tissue immediately beneath the basement
membrane displayed a strong Alcian Blue staining which
disappeared with the hyaluronidase pretreatment of the
sections (Fig 4A±F ). Comparable results were obtained with
hCD44Rg staining (data not shown), con®rming our earlier
observations with the dorsal skin and cornea (Kaya et al, 1997).
DISCUSSION
This study shows that, in LSA lesions, the epidermal expression
of CD44 is decreased or absent, both at the protein and
mRNA levels, and that this decrease is correlated with an
accumulation of HA in the super®cial dermis. These ®ndings
are comparable with those we have made previously in
transgenic mice, in which the selective expression of K5-
CD44 anti-sense transgene in the basal keratinocytes led to a
massive accumulation of HA in the dermis (Kaya et al, 1997).
In our study we compared samples of skin taken from the
genital areas of these mice with LSA lesions. Skin taken from
the penis or vulva of mice showed a lesser degree of epidermal
atrophy and subepidermal vacuolization, and a lesser degree of
HA accumulation with a band-like appearance, than we have
previously described in the dorsal skin of these mice (Kaya et al,
1997), but altogether all these histologic abnormalities corre-
sponded to the features of the LSA skin. Gross appearance of
the skin was obviously very distinct, as the transgenic mice had
no conspicuous dermatologic alterations reminiscent of LSA;
furthermore no lymphocytic in®ltration, so commonly observed
in the dermis of LSA lesions, was ever detected.
Thus, whereas the transgenic mice cannot be considered as a
mouse model of LSA, they appear to shed light on some of the
pathogenic steps involved in the human lesions. The notion that
Figure 4. Alcian blue staining of vulvar and
penile epithelium of K5-CD44 anti-sense
mice. Alcian Blue staining (A±F) in the sections
from vulva (A±C ) and penis (D±F ) of control lit-
termate (A, D) and transgenic (B, C, E, F ) mice
either without (A, B, D, E ) or with (C, F ) pre-
treatment of the section with 1.5 mg per ml of bo-
vine testicular hyaluronidase. The pronounced
reactivity of the transgenic mouse super®cial stro-
ma with Alcian Blue (B, E ) is abrogated following
treatment of the section with hyaluronidase (C,
F). Scale bar: 60 mm.
Figure 3. Alcian blue and hCD44Rg stainings
of LSA skin. Alcian Blue staining (A±C) and
hCD44Rg reactivity (D±F) in the uninvolved (A,
D) and involved (B, C, E, F) back skin from LSA
patients either without (A, B, D, E) or with (C,
F) pretreatment of the section with 1.5 mg per ml
of bovine testicular hyaluronidase. The strong re-
activity of the involved skin super®cial dermis
with Alcian Blue (B) or hCD44Rg (E) is abol-
ished following treatment of the section with hya-
luronidase (C, F). Original magni®cation 3 40.
Scale bar: 60 mm.
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epidermal CD44 decrease and dermal HA accumulation may be a
speci®c event in human lesions is supported by two additional
observations: (i) the inverse correlation between HA accumulation
and CD44 decrease observed between these lesions at various stages
(Table I), and (ii) the lack of detectable alterations of CD44
expression in some other cutaneous diseases in which dermal
accumulation of some forms of glycosaminoglycans has been
observed, i.e., lupus erythematosus, scleroderma and REM
(Buckingham et al, 1983; Hansen et al, 1996; Izumi et al, 1996;
Table I).
The principal sources of HA in the epidermis and dermis are
keratinocytes and ®broblasts, respectively. In a previous study with
transgenic mice, we showed that murine keratinocytes unable to
synthesize CD44 because of the expression of CD44 mRNA
cannot bind and internalize HA in vitro, whereas their capacity of
synthesizing and releasing HA is unimpaired (Kaya et al, 1997). On
the other hand, dermal ®broblasts of normal and transgenic mice
displayed comparable levels of HA synthesis in vitro. This suggests
that the source of the excess HA accumulated in the dermis in
transgenic mice is the keratinocytes, unable to bind and degrade the
HA that they produce because of the absence of CD44 on their
surface. The same mechanism may be operative in LSA, in which a
progressive decrease in keratinocyte CD44, resulting from the
initial pathogenic insult, presently unclari®ed, primarily responsible
for the disease, may secondarily lead to dermal accumulation of
HA.
It has been reported that ®broblast cell lines obtained from LSA
lesions display an increased glycosaminoglycan secretion compared
with normal ®broblasts, but the HA content of this secretion has
not been studied (Grif®ths and Priestley, 1992). The results
reported in our study suggest that LSA might ®rst result from
epidermal damage of unknown origin, subsequently leading to
dermal changes in which HA accumulation is a conspicuous
feature.
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